One sentence summary: We found that high resistance of bacterial communities to environmental change drives functional legacies of past climate regimes.
INTRODUCTION
Soil microbes mediate enormous fluxes of carbon (C) among plant detritus, soil and the atmosphere via their roles in organic matter decomposition and soil respiration. Therefore, microbial responses to altered temperature, precipitation or nutrient inputs may drive substantial feedbacks to global climate change. We previously found that microbial respiration was a persistent function of historical climate rather than current conditions: soils from historically wetter sites exhibited higher respiration rates regardless of contemporary water availability (Hawkes et al. 2017) . Such functional legacies are likely created by microbial community resistance to environmental change (Hawkes and Keitt 2015) , which has been observed in other long-term studies (e.g. Bond-Lamberty et al. 2016) . Nevertheless, high beta diversity in microbial communities across sites or through time is commonly reported (Freedman and Zak 2015; Kivlin and Hawkes 2016) , consistent with microbial communities rapidly tracking environmental conditions. Here, we suggest that a better understanding of microbial community responses to the environment can be achieved by considering community structure beyond diversity or composition to include species nestedness, turnover and specialization.
Most studies examining microbial responses to climate change focus on patterns in alpha and beta diversity. Soil bacterial communities exhibit extremely high species richness (alpha diversity) at the local scale and dramatic compositional turnover (beta diversity) among sites (Hughes et al. 2001; van der Gucht et al. 2007) . Few studies, however, have separately examined two independent components of microbial community beta diversity: spatial turnover and nestedness. Species turnover among sites is often equated with beta diversity, but nestedness is a component of beta diversity where the species pool at one local site is a subset of the species pool at a more diverse site (Baselga 2009 ). Partitioning the turnover and nestedness components of beta diversity is important because these factors respond to different ecological drivers. For example, community nestedness is highly sensitive to variation in local extinction rates and is often associated with environmental harshness (Ulrich, AlmeidaNeto and Gotelli 2009) . High species turnover, in contrast, is often driven by species sorting over environmental gradients (van der Gucht et al. 2007 ).
Whether spatial turnover or nestedness dominates community responses to climate change may depend on the interaction between two factors: habitat specialization within the microbial community and rates of dispersal. A microbial species can be considered a 'habitat specialist' if it is encountered more often in one type of habitat than any other (Mariadassou, Pichon and Ebert 2015) . If the regional species pool is primarily composed of habitat specialists, then spatial turnover across environmental gradients should be high (Baselga 2009 ). By contrast, if habitat generalists predominate in the regional species pool, then nestedness may account for more of the variation in community composition among local sites, due to stochastic extinction of particular taxa at individual sites (Ulrich, Almeida-Neto and Gotelli 2009) . In either scenario, high rates of dispersal can homogenize community structure across environmental gradients (Cadotte 2006) . Dispersal may speed community acclimatization to altered environments if immigrants are better suited to contemporary conditions than residents (van der Gucht et al. 2007; deVries and Shade 2013; Gianuca et al. 2017) . In this scenario, dispersal limitation would underlie microbial community resistance to change (Cline and Zak 2013; Lawrence, Bell and Barraclough 2016) .
Few studies have quantified the relative abundance of habitat specialists and generalists in soil microbial communities, although model simulations suggest that ecological specialization may drive community responses to environmental change (Hawkes and Keitt 2015) . Evolutionary models demonstrate that large differences in the 'optimal' phenotype across different habitats tend to favor the evolution of ecological specialists, whereas generalists are expected in conditions that promote high phenotypic plasticity (van Tienderen 1997) . High beta diversity of microbial assemblages suggests that most soil bacteria are specialists, yielding a strong positive correlation between taxon abundance and ecological specificity at broad spatial scales (Mariadassou, Pichon and Ebert 2015) . Similarly, the degree of dispersal limitation within soil microbial communities is largely unquantified. Laboratory studies suggest that variation in dispersal rates can affect bacterial community structure and function (Lindström andÖstman 2011), but there is little evidence for dispersal limitation in intact bacterial communities (van der Gucht et al. 2007) .
Our goal in this study was to experimentally test microbial community responses to altered precipitation, focusing on how dispersal and habitat specialization shape these responses. To do so, we conducted a soil reciprocal transplant experiment across a 45-cm rain gradient in central Texas to expose soils from three dry and three wet sites to either to their normal 'home' or a changed 'away' precipitation regime (Fig. 1) . In addition, half of the soil cores were subjected to elevated dispersal rates (i.e. inoculation) of microbes from the surrounding precipitation region. The experiment was designed to test four hypotheses: First, we expected to find differences in microbial community composition based on soil origin, driven by differences in historical climate and edaphic conditions at each unique site (Hypothesis 1). Next, we anticipated that the degree of microbial habitat specialization would structure communities both along the precipitation gradient and in response to transplantation treatments. If specialists are more abundant than generalists, spatial turnover should be high across the rainfall gradient; if generalists are more abundant, nestedness should play a larger role in generating beta diversity (Hypothesis 2). We also hypothesized that the enhanced dispersal treatment would reduce beta diversity (both turnover and nestedness) among soils of different origins (Hypothesis 3). Finally, we expected that changes in microbial community structure in response to transplantation and dispersal would drive the patterns of respiration in each community (Hypothesis 4) that were previously observed (Hawkes et al. 2017) .
METHODS

Study site and experimental design
We worked in sites located across the Edwards Plateau in central Texas, where mean annual precipitation (MAP) decreases steeply from east to west (∼90 to 45 cm) while soil parent material and savanna grassland plant communities (dominated by Juniperus ashei, Bouteloua spp., Aristida spp. and Schizachyrium scoparium) remain relatively invariant. At these sites, mean rainfall peaks in early spring (April/May) and in the fall (September/October), but year-to-year variance is high. Mean annual temperature is approximately 20
• C. Sample locations within sites were selected to minimize differences in topography (<2% slope) and the plant community (native grassland with <50% woody plant cover), and all soils are rocky, calcareous Mollisols. We conducted a reciprocal transplant experiment of soil cores from the drier west end to the wetter east end of the gradient and vice versa. To do so, we established two 6 m × 6 m common garden plots, one located at an eastern site where MAP = 89 cm (Ladybird Johnson Wildflower Center, or WFC, Lat: 30.18, ) and one located 300 km to the west where MAP = 63 cm (MOR Ecolab, Lat: 29.44, Lon: -100.06) ( Table S1 , Supporting Information). Soils from three wetter eastern sites and three drier western sites were placed at each common garden in PVC cores (n = 6), creating a full factorial combination of home region and transplanted treatments. Moreover, six cores containing soils sampled on-site were also incubated in each garden as a control treatment (Fig. 1) . Soils from all eight sites (three eastern sites, three western sites and the two common garden sites) were collected in July 2011, sieved to 2 mm to remove rocks and roots, packed into PVC cores at approximately native bulk density (150 g at ∼0.95 g cm −3 ) and installed in each common garden site within a week. Cores were arranged in rows, 50 cm apart, in random order with respect to treatment. The PVC cores measured 5 cm in diameter and 15 cm in depth, with 38-μm mesh bottoms to hold soil in while allowing for drainage.
All cores were open at the top, allowing for passive dispersal of microbial propagules from the surrounding environment. The 38-μm pore size of the mesh core bottom meant that bacteria and fungi could also enter from surrounding soil. To examine the effects of dispersal rate on microbial community responses to the transplant treatment, half the cores at each garden (i.e. n = 3 in each treatment combination) received an 'active dispersal' treatment. We intended to simulate enhanced immigration rates of taxa from the surrounding precipitation region. Therefore, cores receiving the active dispersal treatment in the eastern common garden were inoculated with 'eastern' microbial assemblages, and cores in the western common garden were inoculated with 'western' assemblages. To create the inoculants, soils were freshly collected from the three sites in the surrounding precipitation region and the common garden site itself, thoroughly mixed in sterile water in equal proportions and filtered through 38-μm mesh to remove solid particles; 500 μL of the resulting microbial slurry was applied to each core in the enhanced dispersal treatment. A corresponding volume of sterile water was applied to the remaining experimental units. Enhanced dispersal cores were inoculated at establishment in June 2011, and again in November 2011, April 2012 and October 2012 to mimic naturally occurring variation in arrival rates (Jones et al. 2017) .
With six experimental replicates for each factorial combination of common garden, soil origin and dispersal treatments, there were a total of 72 cores at each common garden site in addition to the six control cores (n = 78 per garden, 156 for the entire experiment). We measured a suite of physicochemical properties for each of the eight soil types included in our reciprocal transplant experiment. Soil C and N content were measured via combustion (Apollo TOC/TN, Teledyne Tekmar, Mason, OH, USA). Soil texture (% sand, silt and clay) was determined via the hydrometer method. Soil pH was measured in by mixing samples with distilled water in a 1:2 ratio. A summary of soil chemical data is given in Table S1 , Supporting Information.
Characterization of microbial community structure
Cores were harvested in December 2012, after 18 months in the field, at which time they were removed from the ground intact and transported to the laboratory on ice. Soils from each core were sieved to 2-mm and homogenized prior to DNA extraction with a MoBio PowerSoil extraction kit (MoBio Laboratories, Carlsbad, CA). DNA extracts were amplified with bacteria-specific SSU primers Bact-0341 and Bact-0785 (Klindworth et al. 2012) , and the reverse primer was barcoded with an 11-bp treatment-specific barcode sequence. Amplicons were cleaned using the MoBio UltraClean PCR Clean-Up kit (MoBio Laboratories, Carlsbad, CA), quantified via Qubit dsDNA High Sensitivity assays (Life Technologies, Grand Island, NY) and pooled in equimolar mixtures. Pooled libraries were purified of fragments <150 bp in size using Agencourt AmPure XP magnetic beads (Beckman Coulter, Brea, CA). Libraries were sequenced on a 454 GS FLX sequencer with titanium chemistry (Roche, Branford, CT) at the University of Texas Genome Sequencing and Analysis Facility.
We analyzed the resulting sequences using the QIIME pipeline v. 1.5.0 (Caporaso et al. 2010) . We eliminated sequences with quality scores below 25, fewer than 150 bases, homopolymer runs of more than 10 bp, with any ambiguous bases, or with an anomalous barcode. We also removed all singletons (unique to the entire dataset) and eliminated chimeras with USEARCH 6.1 (Edgar 2010) . We used the UCLUST algorithm (Edgar 2010) to define operational taxonomic units (OTUs) at 97% sequence similarity. Representative sequences from each OTU were searched against the SILVA (Quast et al. 2012) and RDP (Wang et al. 2007) databases to identify and eliminate any non-bacterial taxa. To avoid bias in sampling effort, we rarefied to 1000 sequences, which was the smallest number of sequences in a sample. Sequences reads are archived in the NCBI Sequence Read Archive, Accession PRJNA368746.
Quantifying microbial functional responses to soil moisture
To determine whether the transplant or dispersal treatments affected microbial functional responses to water availability, soil respiration rate in the field common gardens was measured under ambient moisture conditions in November 2011, April 2012, October 2012 and December 2012. We capped cores with septa-embedded lids and sampled the headspace after 30 min. Headspace samples were stored in gas-tight vials until CO 2 was quantified on a SRI 8610C gas chromatograph with FID and methanizer (SRI Instruments, Santa Monica, CA).
We also examined soil respiration in response to controlled moisture conditions in the lab using data from Hawkes et al. (2017) . Briefly, soils from the common garden cores were subsampled at harvest and assigned to high (25%) and low (10%) gravimetric soil moisture treatments in a laboratory incubation experiment, with microbial function (CO 2 production) measured over 8 weeks. Headspace samples were analyzed for CO 2 content as described above for field samples.
Composition statistical analysis
To examine microbial community structure and diversity across all experimental cores (Hypothesis 1), we used permutational ANOVAs to examine variation in bacterial community composition among treatments. Henceforth, we will use the term 'region of origin' to indicate the climatic province from which soils were originally sampled (wetter east vs. drier west), and 'site of origin' to indicate the specific site from which they were sampled (Table S1 , Supporting Information). Therefore, in our models, site is nested within region of origin. Permutational ANOVAs were conducted using a combination of adonis in the vegan package (Oksanen et al. 2016) , with each term entered last in the model to obtain Type III sums of squares, and nested.npmanova in the BiodiversityR package (Kindt and Coe 2005 ) to obtain correct F-ratios and P values; 999 permutations were used per run. We also conducted planned pairwise comparisons among four treatment groups: soils that originated from the wetter eastern end of the gradient, incubating in home and away rainfall environments; and soils that originated from the drier western end of the gradient, incubating at home and away. A Bonferroni correction was applied to control for multiple comparisons.
To visualize differences in community composition, we calculated non-metric multidimensional scaling (NMDS) coordinates based on Bray-Curtis dissimilarity matrices in PC- ORD (v6.2; McCune and Mefford 2011) . Although statistics reported here are based on relative abundance data, all effect sizes and P values are nearly identical for presence-absence data.
To examine variation in bacterial community composition in relation to soil properties, historical precipitation regime and recent drought stress, we used partial regularized discriminant analysis (RDA; Borcard, Legendre and Drapeau 1992; Legendre, Borcard and Peres-Neto 2005) . Collinear variables were removed based on variance inflation factors >2.5, resulting in the following predictors in the final model: latitude, elevation, MAP, MAT, soil moisture in each core at harvest, the Palmer Drought Severity Index (PDSI) for 18 months in the home site prior to collection, PDSI for the experimental duration in the common garden sites, soil total organic carbon content (TOC), soil pH and soil % clay.
Ecological specificity analysis
We calculated the ecological specificity index (SI) following Mariadassou, Pichon and Ebert (2015) for the 1000 most abundant OTUs across the entire experiment. The index ranges between 0 and 1, with 0 indicating a perfect generalist (equal abundance across all sites) and 1 indicating a perfect specialist (found only in one of the eight sites). Specificity was calculated relative to the site of soil origin in which that OTU was most abundant; that is, we calculated local abundance in site X relative to average local abundance across all sites of soil origin, combined across gardens and dispersal treatments. Following these calculations, we performed a one-way ANOVA to determine whether the distribution of SIs varied among sites of soil origin. We also calculated a community-weighted mean SI for each site of soil origin, based on the presence or absence of each OTU within cores belonging to each site of soil origin.
To determine whether the relative abundance of specialists or generalists shaped community responses to the transplant treatment (Hypothesis 2), we identified ecological specialists as those in the top decile of the SI distribution and ecological generalists as those in the bottom decile. Then, for each taxon, we calculated log response ratios (LRRs) for abundance in home vs. away transplant common gardens. We used a t test to ask whether the LRRs were greater for specialists vs. generalists, indicating higher abundance of specialists in their home precipitation region.
Beta diversity partitioning
We quantified community dissimilarity due to the turnover vs. nestedness components of beta diversity using the betapart package in R (Baselga and Orme 2012) . We used the beta.pair function to generate dissimilarity matrices for the turnover and nestedness components of beta diversity across all experimental cores. Multi-response Permutation Procedure (MRPP) tests were conducted to determine whether dissimilarity associated with turnover and nestedness varied among soil sites of origin, transplant treatments and dispersal treatments (Hypothesis 3). To understand how turnover and nestedness were related to any shift in composition associated with transplantation, we also quantified these components of beta diversity across cores in home vs. away treatments within each site of soil origin. Finally, turnover and nestedness within each soil type were regressed against community mean SI indices to determine whether a higher relative abundance of ecological specialists is correlated with greater species turnover in response to the transplant treatment.
Linking microbial community composition with functional responses to moisture
To determine whether microbial community structure was a significant predictor of patterns of respiration in response to current moisture (Hypothesis 4), we used a regression approach to identify drivers of the respiration moisture response in the lab incubation experiment. Laboratory data were chosen because moisture conditions were more carefully controlled than in the field, but differences in CO 2 fluxes between eastern-and western-origin soils were identical to those observed in situ (see 'Results'). First we calculated Resp (microbial functional response to soil moisture) as the difference in mean CO 2 flux in high vs. low soil moisture regimes in the laboratory incubation experiment. This calculation was performed for each of the 26 unique treatment groups (unique combination of soil site of origin × common garden location × dispersal treatment; and two common garden controls). Then we modeled Resp as a function of climatic, edaphic and microbial community variables. For our climatic predictors at each site of origin, we included the total rainfall experienced the year before transplant (June 2010 -2011), henceforth referred to as 'antecedent' precipitation, and mean temperature at each site of origin during that time period ('antecedent' temperature). We excluded 30-year MAP and MAT because they were highly correlated with multiple predictor variables; see Table S3 , Supporting Information. Because there was no significant main effect of common garden identity in analyses of bacteria diversity and composition, we did not include climate variables associated with the transplant period in the gardens. To explore the effect of soil physicochemical traits on respiratory responses, we used total organic C, pH and % clay in soils from each site of origin (total N was excluded because was highly correlated with soil C: R 2 = 0.95). Finally, we included four predictor variables related to microbial community composition and structure: mean bacterial community richness and phylogenetic diversity in each treatment group, and mean NMS axis 1 and 2 scores in each treatment group. The latter were derived from the Bray-Curtis distance matrix of bacterial community composition. We used the regsubsets command in the R package leaps (Lumley 2017) to iterate through all possible combinations of predictors. The best models were selected by comparing BIC scores; pseudo R 2 for each generalized linear model were calculated by comparing residual deviance vs. null deviance.
RESULTS
Diversity and community composition
During the 18 months that soil cores were incubated in the two common gardens, cumulative rainfall was 54% higher in the eastern vs. western garden location (Fig. S1 , Supporting Information), although both gardens experienced a 5-month severe drought at the start of the experiment. At the time of harvest, soil bacterial communities included 734 OTUs per sample on average (after rarefaction to 1000 sequences). However, alpha diversity was significantly affected by the interaction of site of soil origin and dispersal treatment (Table S2 , Supporting Information): in soils originating from four sites, alpha diversity increased modestly by 2%-4% in the active dispersal treatment. All communities were generally dominated by Acidobacteria, Actinobacteria and Proteobacteria (Fig. S2a , Supporting Information). Bacterial community composition varied primarily by site of soil origin, explaining about 13% of the compositional variance despite 18 months of incubation in a new location (Table 1, Fig. 2 ). Site origin effects differed slightly between the two common gardens, but this explained only 2.6% of compositional variation (Table 1 ). The dispersal treatment had no effect on community composition, nor did region (drier west vs. wetter east) of soil origin. In planned pairwise comparison tests, eastern-origin and western-origin bacteria communities were always significantly different from each other (P < 0.01). However, there was no difference in community structure between eastern-origin soils in their home vs. away rainfall environment (F 1,73 = 1.14, P = 0.294), and the same was true for western soils incubating at home vs. away (F 1,73 = 1.14, P = 0.354). This indicates that bacterial community structure changed little in response to transplantation. In the RDA analysis, all environmental and spatial variables together explained only 10.7% of the variance in community composition (Table 2) , despite wide variation in soil chemical properties (soil % C ranging from 2.4% to 10.9%; clay ranging from 18.5% to 39.7%; pH ranging from 7.4 to 8.2; Table S1, Supporting Information). Precipitation-related variables (MAP, gravimetric soil moisture and PDSI) accounted for 2.7%, soil characteristics (TOC, pH and clay) explained 2.1% and spatial effects explained only 0.1% of the variation in bacteria community composition among sites.
Beta diversity partitioning
Across all cores in the experiment, differences in bacteria community structure attributable to site of soil origin and transplantation treatments were generated by species turnover, not nestedness (Table 3) . Neither turnover nor nestedness responded to the dispersal treatment because this treatment had no effect on community composition. Similarly, within sites of soil origin, changes in community structure in response to transplantation were dominated by species turnover (Table 4 ). The degree 
Ecological specialization
Ecological specialization indices (SI) varied widely among taxa, ranging from 0.030 to 0.688, but the mean value of 0.184 suggests most taxa were not strong habitat specialists. However, a significant positive relationship between the specificity index and taxon rank abundances (R 2 = 0.06, P < 0.001; Fig. 3 ) indicates numerical dominance by the most specialized taxa. There was significant variation in the degree of ecological specificity relative to site of soil origin (one-way ANOVA, F 7,985 = 19.70, P < 0.001). In post-hoc tests, the highest SIs were found for taxa specialized to both home common garden sites (MOR, WFC; P < 0.001; Fig. 4a ). Specificity indices were also significantly stronger for taxa specialized to soils originating from the drier western regions vs. the wetter eastern region (t = 2.051, P = 0.041, Fig. 4b ). Communityweighted mean specialization indices in each site of soil origin followed a similar pattern, and were 18% higher in home common garden soils than in eastern-origin soils sampled from the wetter end of the rainfall gradient (Table 4) . There was no relationship among community-weighted mean SIs and either the turnover or nestedness components of beta diversity. Specialist bacterial taxa (mean SI of 0.502) tended to be more abundant in home vs. away environments in comparison with generalist taxa (mean SI of 0.062; t = -1.795, P = 0.074; Fig. 4c ). The taxonomic affiliation of specialists and generalists also varied significantly (χ 2 = 25.729, P = 0.003): the largest fraction of generalist OTUs (28%) belonged to Proteobacteria, whereas 42% of specialist OTUs belonged to Actinobacteria (Fig. S2b , Supporting Information).
Links between composition and function
As previously reported (Hawkes et al. 2017) , rates of respiration were higher in soils that originated from sites located in the wetter eastern vs. drier western end of the gradient, in addition to current soil moisture conditions. This pattern was observed for in situ respiration rates measured in the field (Table S4a and b, Supporting Information) as well as in the laboratory microcosm experiment, where soil moisture was carefully controlled (Hawkes et al. 2017) . Our model selection procedures indicated that climatic, edaphic and microbial community variables could predict the respiratory response to soil moisture ( Resp) moderately well: pseudo-R 2 ranged from 0.18 to 0.33 (Table 5) . As expected, the explanatory power of each model generally increased with the number of predictor variables. However, the two best (lowest BIC) models included only antecedent rainfall and NMS axis 1 scores as predictors. The magnitude of the respiratory response to soil moisture increased with the amount of rainfall soils received in the past year (Fig. 5a ) and increased with NMS axis 1 scores (Fig. 5b ), which were linked with the abundance of taxa in the Acidobacteria and Actinobacteria. NMS axis 1 scores, antecedent rainfall, soil pH and soil clay content were the variables most frequently included in the top-ranked models (Table 5); Resp decreased with soil clay content ( Fig. 5c ) and had a very weak negative relationship with soil pH (data not shown).
DISCUSSION
We found evidence for consistent differences in bacterial community composition among sites from across a natural precipitation gradient; this compositional variation was weakly structured by soil properties as well as historical and recent rainfall (Hypothesis 1). Although most taxa were habitat generalists, ecological specialists were locally abundant and tended to be more responsive to the transplantation treatments. The distribution of these specialist taxa likely contributed to the high spatial turnover observed across experimental cores (Hypothesis 2). Contrary to Hypothesis 3, however, the enhanced dispersal treatment had no effect on bacterial community structure or patterns of beta diversity. Finally, we found strong evidence that bacterial community composition mediated functional responses to soil moisture variation (Hypothesis 4). The characteristic respiratory patterns of soils from the wetter eastern and drier western regions of the rain gradient were maintained over the 18-month experiment, paralleling the compositional resistance of bacterial communities to environmental change. The most striking pattern we observed in our study was the high degree of resistance of bacteria community composition to novel rainfall regimes. This compositional resistance affected functional responses to water availability: eastern-origin (wetter) and western-origin (drier) soils exhibited characteristic patterns in soil respiration, which were unchanged following transplant and dispersal treatments. These functional patterns were correlated with variation in bacterial community structure among sites of soil origin. However, the relationship between climate, bacteria composition and respiration was not straightforward in our system, with MAP at each site explaining only ∼3% of the community compositional variance, but recent rainfall driving ∼18% of the functional response. There may be physiological adaptation of microbial taxa independent of composition, or indirect effects of rainfall on substrate Figure 5 . The relationship between functional responses to soil moisture in the laboratory incubation ( Resp) and climatic, edaphic and microbial community variables: (a) annual rainfall soils were exposed to prior to the transplant treatment; (b) bacteria community composition (as summarized by NMS 1 scores) and (c) soil clay content in each site of origin. availability for microbial growth (Moyano, Manzoni and Chenu 2013) . Additionally, soil fungi, which we did not measure, likely also contributed to the observed patterns of respiration. Finally, the strong relationships between annual precipitation and microbial community composition that were observed along the gradient in 2008 (Hawkes et al. 2017) may be lost over time, reduced by the disturbance required to construct cores or diminished under conditions of drought (we do not have initial microbial community data from the date of transplantation to address this issue definitively).
Based on our results, the degree of environmental change relative to long-term climate may play a role in how resistant microbial communities are to perturbation, and therefore how community-level functions (like respiration) track changing environments. In our system, microbial communities at both ends of the gradient experience drought on a regular basis despite variation in MAP, potentially explaining why most bacterial taxa were not specialized to a specific rainfall regime. Similarly, in other soil reciprocal transplant experiments, fairly modest shifts in bacterial community composition were observed over 1 to 17 year study intervals when climate envelopes in home and away treatments were relatively similar (Lazzaro, Gauer and Zeyer 2011; BondLamberty et al. 2016) . For example, reciprocal transplants of soil cores between forest stand types or soil types had no effect on community composition (Hannam, Quideau and Kishchuk 2007; Bond-Lamberty et al. 2016) . Bottomley et al. (2006) found that bacterial communities in meadow soils were largely unchanged following transplantation to a forest, although the reverse treatment did modify community structure. By contrast, moving soils between oak and grassland rapidly altered oak microbial communities that experienced hotter, drier conditions outside their historical climate (Waldrop and Firestone 2006) . Microbial community composition also responded rapidly to transplantation along a dramatic (4.5
• C) temperature gradient (Vanhala et al. 2011) . In summary, we suspect that more extreme climatic shifts (relative to natural climate variability) may be required to alter the relative abundance of generalist bacterial taxa. The compositional resistance of bacterial communities in both common gardens helps explain why patterns of respiration across soil types were unaltered by the transplant and dispersal treatments.
Differences in community structure among common gardens, sites of soil origin and transplant treatments were driven by species turnover, not nestedness (local extinction), suggesting that changes in the identity or relative abundance of taxa drove the subtle compositional responses to the experimental treatments. Local specialization is a potential ecological mechanism for these compositional changes following transplantation. In support of this idea, OTUs with the highest ecological specificity tended to be more abundant in the garden matching their home precipitation region (drier west vs. wetter east), and were highest for the garden soils that were located at their specific site of origin. Moreover, decreases in the abundance of specialist OTUs following transplantation to a novel precipitation region (without changes in the chemical composition of their surrounding soil matrix) suggest that many of these taxa were responding directly to water availability. These results are consistent with laboratory studies on cultured microbes that have demonstrated ecological specialization related to moisture niche (Lennon et al. 2012) . Additionally, field studies have found strong niche conservatism in microbial responses to rapid change in soil moisture (Placella, Brodie and Firestone 2012) . In our study, over 40% of ecological specialists were Actinobacteria, which are often found to be especially responsive to drought (Barnard, Osborne and Firestone 2013; Evans, Wallenstein and Burke 2014) . This may explain why ecological specialization indices were higher in soils from drier western sites and in common garden (WFC and MOR) soils, where Actinobacteria comprised a relatively greater proportion of observed taxa.
Despite the fact that most taxa were habitat generalists, specialists tended to be the most locally abundant OTUs. Specialization indices were calculated with respect to site of soil origin, not MAP alone, and so may also capture microbial responses to multiple non-climatic site factors. Soil characteristics are often reported as microbial drivers; however, soil organic C content, texture and pH explained only 2% of the variation in community structure. Although it is likely that unmeasured soil factors also shape bacterial communities, soil properties do not appear to be major controllers in the current system. Our results directly contrast with other studies that report major effects of pH and carbon availability on microbial community structure (Lauber et al. 2008; Fierer et al. 2009 ), perhaps because the relatively uniform
